SUMMARY Two hundred and eighteen patients with congenital valvar aortic stenosis aged between 1 and 25 years at presentation were followed for one to 26 years (average 8-7 years). Assessment of severity of aortic stenosis was essentially based on clinical findings including symptoms, the character of the pulse, and the behaviour of the second heart sound, management being further influenced by the degree of left ventricular hypertrophy shown in the electrocardiogram. There was reasonable correlation between clinical and haemodynamic assessment and all patients with a gradient between left ventricle and aorta (LV-Ao) greater than 50 mmHg (6-7 kPa) were judged to have moderate or severe aortic stenosis on physical signs. Fifty-five per cent of those judged mild on presentation still had a mild lesion 18 years later; 42 per cent of those judged moderate on presentation still had a moderate lesion 15 years later. Forty-four patients had an operation and of the 30 patients who underwent aortic valvotomy, only 40 per cent still had a satisfactory result 13 years later. There were three preoperative and seven postoperative deaths but in only two patients was death directly related to severe aortic stenosis and both of these patients had been lost to follow-up.
SUMMARY Two hundred and eighteen patients with congenital valvar aortic stenosis aged between 1 and 25 years at presentation were followed for one to 26 years (average 8-7 years). Assessment of severity of aortic stenosis was essentially based on clinical findings including symptoms, the character of the pulse, and the behaviour of the second heart sound, management being further influenced by the degree of left ventricular hypertrophy shown in the electrocardiogram. There was reasonable correlation between clinical and haemodynamic assessment and all patients with a gradient between left ventricle and aorta (LV-Ao) greater than 50 mmHg (6-7 kPa) were judged to have moderate or severe aortic stenosis on physical signs. Fifty-five per cent of those judged mild on presentation still had a mild lesion 18 years later; 42 per cent of those judged moderate on presentation still had a moderate lesion 15 years later. Forty-four patients had an operation and of the 30 patients who underwent aortic valvotomy, only 40 per cent still had a satisfactory result 13 years later. There were three preoperative and seven postoperative deaths but in only two patients was death directly related to severe aortic stenosis and both of these patients had been lost to follow-up.
It is concluded that indications for operation are aortic stenosis which is moderate or severe on physical findings, together with restrictive symptoms or ST and T wave changes on the electrocardiogram. Using these criteria, the risk of sudden death is minimal and irreversible myocardial damage unlikely. We do not recommend either routine cardiac catheterisation or routine operation at any arbitrary LV-Ao gradient.
The assessment and management of congenital aortic stenosis (AS) are still controversial. Traditionally, clinical signs, including the character of the pulse, behaviour of the second heart sound, and degree of left ventricular hypertrophy have been the main criteria of severity. Several authors '-3 have suggested that analysis of the carotid upstroke is a helpful method of assessing severity, Gray4 and Braunwald et al.5 reported a reasonable correlation between severity and the behaviour of the second heart sound, and Marquis and Logan6 found that electrocardiographic evidence of left ventricular hypertrophy was the most reliable single sign of severe AS. On the other hand, there have been many reports suggesting that physical findings7-12 and the electrocardiogram5 13 14 are unreliable. In most studies each factor has been analysed separately, and even when summation of earlier operation. Despite the fact that valvotomy is only a palliative procedure, this operation has been recommended for patients who are asymptomatic but have peak systolic pressure gradients between left ventricle and aorta (LV-Ao) of 50 mmHg (6-7 kPa) or more. [22] [23] [24] [25] [26] We have not accepted the view that clinical assessment of the severity of the lesion is unreliable or that a peak systolic LV-Ao pressure difference of 50 mmHg (6-7 kPa) in an asymptomatic patient is an indication for operation. Admitting In the follow-up study, patients last recorded as having moderate or severe stenosis have been reviewed within the past two years. Details of patients last recorded as having mild stenosis have been obtained from the last clinic review, usually within the past five years. Duration of follow-up ranged from one to 26 years (average 8-7 years).
Symptoms and physical, electrocardiographic, and radiological findings were recorded at referral and at last review for all patients, and immediately before operation in patients undergoing surgery. These details were also recorded at the time of cardiac catheterisation when this took place between referral and operation or last review. The criteria used for assessing the severity of AS on the basis of physical signs were as follows:
Mild aortic stenosis: Pulse volume and contour were normal on palpation and the second heart sound was normal.
Moderate aortic stenosis: There was a minor abnormality in one or more of the above signs. Pulse volume appeared abnormal more often than contour. Narrow inspiratory splitting of the second heart sound was allowed, but not a single second sound or reversed splitting. Severe aortic stenosis: Any one of these three clinical features (pulse volume, pulse contour, or splitting of the second heart sound) was conspicuously abnormal. Clinical assessment was based primarily on subjective assessment of the second heart sound and of the pulse volume and contour. In patients whose pulses were judged to be of normal volume, the measurements of pulse pressure by sphygmomanometry were 40 ±13 mmHg (5 3 ±1-7 kPa, mean ± 1 SD), in those with a mildly abnormal pulse 32 ±12 mmHg (4-3 ±1-6 kPa), and in those with a conspicuously abnormal pulse 25 ±7 mmHg (3-3 ± 0-9 kPa). Though there was a considerable overlap, the differences between each group were highly significant (p <0O001) and the maximum pulse pressure in the severe group was 40 mmHg. Table 3 ). Fifty-five per cent of the patients remained with mild AS after 18 years but the remainder developed a more severe lesion, judged sufficiently important to warrant operation in 23 per cent. Fig. 6 shows the cumulative actuarial curves for the 54 patients presenting with moderate AS. Two patients died in this group (cases 2 and 3, Table 3 ). Forty-two per cent of the group remained with moderate AS after 15 years but the remainder developed a more severe lesion, and 42 per cent underwent operation.
Eleven patients with a mean age of 12-6 years presented with severe AS and had an operation within 12 months of presentation.
The mean age of presentation in the 44 patients who had an operation was 10 years (1 to 25 years) and the mean age at the time of operation was 14-2 years (1 to 35 years). There were 30 male and 14 female patients. Before operation 25 patients had symptoms, including four with heart failure. One patient had severe AR after bacterial endocarditis and the clinical data in the remaining 43 patients are shown in Table 4 . In six patients physical signs and electrocardiogram indicated only moderate AS: three of these had symptoms and had gradients of 28, 54, and 76 mmHg (3-7, 7-2, and 10-1 kPa), but The mean age at presentation in the 30 patients who had a transaortic valvotomy was 8-8 years (1 to 25 years) and the mean age at the time of operation was 12-1 years (2 to 30 years). Fig. 7 shows the cumulative actuarial curve for this group, the mean follow-up period being 13 years. There were no operative deaths but there have been four late deaths (cases 6 to 9, Nine patients had homograft aortic valve replacement as the primary operation. The mean age at presentation was 12-5 years (6 to 23 years) and the mean age at operation was 23-6 years (14 to 35 years). Preoperatively, six patients had significant AR associated with AS, and two others had a calcified aortic valve. There were no early deaths. One patient died after a second operation for homograft failure (case 10, Table 3 ), one required reoperation because of endocarditis on the homograft valve, and one patient has been lost to followup. The other six patients are alive and well. Table 5 lists the significant postoperative ,complications which occurred in the patients having aortic valvotomy or homograft aortic valve replacement.
In 24 patients who had satisfactory operations, follow-up electrocardiograms were available at a time when the residual aortic lesion was judged trivial or mild. A comparison of pre-and postoperative electrocardiograms in this group is shown in Table 6 . Most patients showed improvement in the electrocardiogram and in two-thirds this was sufficient to move them at least one grade in the arbitrary classification.
BACTERIAL ENDOCARDITIS
Three non-surgical patients had bacterial endocarditis, with one death. Two patients who subsequently had an operation had endocarditis before operation. From the time the patients were referred to the clinic the incidence of bacterial endocarditis without, or before surgery, was 2-7 episodes per 1000 patient years. patients with a severe lesion had symptoms.
The intensity of the systolic murmur, the presence of a thrill, an apical fourth heart sound, and a thrusting left ventricular impulse are typical of AS but do not reliably predict the severity of the obstruction. Several authors have investigated the relation between the LV-Ao pressure difference and the pulse pressure, the character of the pulse, and the second heart sound. Both Peckham et al., 19 and Glew et al.' comment on the usefulness of a small pulse pressure as an indication of moderate or severe AS. We have used a subjective impression of the pulse volume and contour at a large artery, usually the brachial artery. Correlation with measured pulse pressure is not exact but the reduced pulse pressure probably contributes to the impression of an altered pulse contour. Beyond the infant age group detection of an altered pulse contour in a large artery is remarkably reproducible, and Eddleman et al.'5 showed that a slow carotid upstroke was the best of the factors they analysed in predicting an LV-Ao pressure difference of 50 mmHg (6-7 kPa) or more.
Braunwald et al.5 found that the mean LV-Ao pressure difference in patients with a single second sound on phonocardiography was 100 mmHg (13-3 kPa) and in patients with a narrowly split second sound was 49 mmHg (6-5 kPa). We have not used phonocardiography on a regular basis but have found that assessment of the second heart sound is generally reproducible between experienced observers. Difficulties resulting from conduction anomalies or heavily calcified valves rarely arise in patients of the age group in this study.
Most (Fig. 4) , but, like Miettinen and Rees,'9 we were disappointed to find no practical advantage in the use of valve areas; the correlations with clinical and electrocardiographic assessments were less good with valve area than with LV-Ao pressure difference. Many authors have commented that important AS can occur with a normal electrocardiogram, and our study confirms this, bearing in mind that many electrocardiograms were graded as showing mild left ventricular hypertrophy on voltage criteria which overlap the normal range in this age group. On the other hand, Hohn et al.14 reported an abnormal electrocardiogram in 79 per cent of patients with an LV-Ao pressure difference greater than 50 mmHg (6.7 kPa) and in 90 per cent of patients with a pressure difference greater than 77 mmHg (10.3 kPa). In our series, 37 of 47 patients with a pressure difference greater than 50 mmHg (6.7 kPa) had moderate or severe left ventricular hypertrophy as did 16 of 18 with a pressure difference greater than 75 mmHg (10-0 kPa). We deliberately kept the voltage criteria for moderate left ventricular hypertrophy strict: 75 per cent of patients classified as having moderate left ventricular hypertrophy fell into this category because of ST and T wave abnormalities, and the voltage evidence in the remainder was very impressive. Surprisingly, inclusion of the electrocardiogram in the clinical assessment did not improve the correlation with LV-Ao pressure differences (Fig. 3) . Nevertheless, the development of ST and T wave changes in the electrocardiogram is important, probably representing relative impairment of subendocardial coronary blood flow. In patients with important AS such electrocardiographic changes can be produced by exercise, making the exercise electrocardiogram a more sensitive test.3"32 It is significant that the indirect assessment of the adequacy of coronary perfusion (DPTI/SPTI) was found to be related to the electrocardiographic change,33 and a slightly modified version of this index correlated well with symptoms.34 The presence of ST and T wave changes in the electrocardiogram can, therefore, usually be taken as an indication of severe obstruction, though there are exceptions as shown by our patient who remained well 15 years after exploration of his aortic valve. Not surprisingly, plain chest xrays made no significant contribution to the assessment of severity.
We conclude that assessment of symptoms, physical findings, and the electrocardiogram provides information which is sufficiently accurate to determine management in most cases. We have little experience with other non-invasive methods using systolic time intervals, analysis of the carotid upstroke, vectorcardiography, and apex cardiography,1-3 13 but question whether they add 568 group.bmj.com on June 16, 2017 -Published by http://heart.bmj.com/ Downloaded from materially to the precision of assessment. Newer techniques in radiology,35 M-mode echocardiography,'8 3 or cross-sectional echocardiography,'8 may well do so, but whether or not they will enter general clinical use remains to be seen.
RISK OF SUDDEN DEATH
The main reason for requiring accurate assessment is the risk of sudden death, a subject emphasised repeatedly in the published reports. The incidence of sudden death in AS has varied in different reports according to selection but is probably in the region of 1 per cent.20 21 In the collaborative study of Lambert et al.39 all patients who died suddenly had severe left ventricular hypertrophy on the electrocardiogram. After reviewing published data, Doyle et al.'5 concluded that sudden death in the absence of severe electrocardiographic abnormalities and/or symptoms is very uncommon. Of the 10 patients in our series who died, death was attributable directly to aortic stenosis in only two (cases 2 and 8, Table 3 ), both of whom had been lost to follow-up for many years. Table 7 shows those published cases of sudden death without ST and T wave changes: it is clear that sudden death in patients with no symptoms and normal physical findings has not been documented. In deciding the indications for operation, it must be borne in mind that aortic valvotomy is no panacea. In Table 8 we have summarised a number of published results. As far as possible, we have extracted data to include only patients who had valvar AS and who were over the age of 1 year. Overall, the early operative mortality is low but late mortality is greater and, to some extent, dependent upon the length of follow-up. Furthermore, bacterial endocarditis, the redevelopment of significant aortic valve lesions, and reoperation occur with increasing frequency. About 75 per cent of our patients had a mild residual lesion at 10 years but from this time there was a dramatic increase in the number of patients who either required reoperation or had an important residual lesion (Fig. 7) . Sudden death still occurred despite valvotomy though some cases were avoidable Hossack, Neutze, Lowe, Barratt-Boyesemphasising the need for meticulous follow-up of patients both before and after operation. There was no evidence that the incidence of bacterial endocarditis was reduced by operation. On the contrary, the findings are compatible with the suggestion of Gersony and Hayes49 that the incidence may be increased. Although this is frequently recommended,22-26 we can find no justification either in our data or in other published reports for advising valvotomy simply because the LV-Ao gradient is greater than 50 mmHg (6&7 kPa). It is at approximately this level that symptoms develop in some patients, the lesion begins to appear important on physical signs, and ST depression or T inversion may appear, but, on the other hand, many patients show none of these features and tolerate obstruction of this severity for long periods. Wagner et al.'2 presented data which suggested that results with surgical treatment were better than results with medical treatment in patients with a gradient of 50 to 79 mmHg (6'7 to 10-5 kPa): one surgical patient and four medical patients died. The significance of this is, however, doubtful, as three surgical patients and one medical patient whose gradients fell just outside this range also died. It is disappointing that the use of valve area does not provide a clearer criterion for recommending operation. This is no doubt partly the result of errors in measurement, but we believe that it is also partly because of a variation in effective valve area dependent on the strength of contraction of the left ventricle at the time of measurement. Fortunately, very low cardiac outputs are unusual at the time of study in this age group so that a gross. underestimate of severity is not common. By contrast, an overactive circulation is not uncommon and the LV-Ao gradient on its own quite frequently gives an exaggerated impression of severity. Othermethods of assessment of the severity of the lesion based on oxygen requirements34 have not so far provided a clearer cut-off point.
We do not recommend operation for patients who are free from symptoms and who do not show at least moderate changes in the pulse, second heart sound, or electrocardiogram, even though there are many such patients with an LV-Ao pressure difference greater than 50 mmHg. Dyspnoea, Congenital valvar aortic stenosis confidently attributed to the cardiac lesion, indicates moderate or severe obstruction but, where other findings are compatible with a moderate lesion only, dyspnoea occurs only with strenuous exertion, and the patient can avoid extremes of exertion without seriously interfering with his lifestyle, we believe it reasonable to continue careful observation. On the other hand, syncope or angina indicates a severe lesion, almost always an indication for operation. The reason why one patient develops symptoms and another with a seemingly identical lesion does not is presumably related to the habitual level of physical exercise, the personality of the individual and his level of autonomic responsiveness, and probably to the physical characteristics of the pulmonary vascular bed. Some patients with signs of a severe lesion have no symptoms and, provided that extremes of exercise are avoided, continued observation is permissible until such time as the electrocardiogram begins to show significant ST depression or T inversion. Even then long survival is possible, as shown by the presentation of patients late in life with calcific AS, some of whom have probably maintained this situation for decades. Furthermore, ST and T wave changes, at least those of moderate degree, will usually regress after a satisfactory operation (Table  6 ). Nevertheless, the low mortality and morbidity of aortic valvotomy, the risk of sudden death, and the likelihood of progressive myocardial impairment with long-term subendocardial ischaemia are sufficient reasons for recommending valvotomy in the presence of these electrocardiographic changes. We have not accepted that routine preoperative cardiac catheterisation is mandatory but in practice have investigated many patients to add to the precision of assessment, particularly when there is any discrepancy between symptoms, physical signs, and the electrocardiogram. In older patients, coronary arteriography is also desirable. Though we have not accepted any LV-Ao pressure difference as an absolute indication for operation, in practice a gradient of 75 or 80 mmHg (10-0 or 10-6 kPa) is usually associated with symptoms if the patient leads an active life and with clinical signs of severe obstruction including, sooner or later, ST or T wave changes on the electrocardiogram.
The criteria for recommending operation amount to the presence of physical signs of moderate or severe obstruction, combined either with significant symptoms or with pathological ST and T wave changes on the electrocardiogram. With the few exceptions described earlier, these criteria have been used during the period of this study. With these criteria, the risk of sudden death is minimal and irreversible myocardial changes are unlikely to occur. In a patient who is probably faced with several operations in his lifetime, we do not believe surgical intervention warranted until these criteria are fulfilled. If it could be shown that early valvotomy slowed the progression of thickening and calcification of the valve, more liberal criteria for operation would be appropriate, but we know of no such evidence and doubt if the proportion of patients benefiting from this would be sufficient to justify early operation as a routine. Though cineangiographic assessment of the valve has improved in recent years, it is still not possible, in our hands, to predict those patients in whom an excellent result will be obtained. However, the risk of producing significant AR has diminished over the years. Earlier reports suggested that AR developed most frequently when an inappropriate attempt was made to render the valve tricuspid,22 45 but our series shows no relation between anatomy and the development of AR. Though this risk is now small we do not at present feel that attempted valvotomy is warranted unless the lesion is severe enough to justify valve replacement should the anatomy be unfavourable.
